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(57) A thermal type infrared ray detector with a ther- 
mal separation structure includes a plurality of picture 
elements. Each of the plurality of picture elements 
includes a circuit formed in a substrate for every picture 
element, and a light receiving section converting infra- 
red rays into change of a resistance or a charge quan- 
tity. The circuit generates a voltage signal from the 
resistance change or the charge quantity change. 
Beams mechanically support the light receiving section 
from the substrate to form a gap between the light 
receiving section and the substrate, and electrically 
connect the light receiving section to the circuit. Each of 
the beams includes a wiring line film formed of Ti alloy Ha 
and connecting the light receiving section to the circuit, 
and a protective insulating film surrounding the wiring 
line film. In this case, the Ti alloy may be HAI6V4. 
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Description 

Background of the Invention 

1 . Field of the Invention 

[0001] The present invention relates to thermal type 
infrared ray detector with a thermal separation struc- 
ture. 

2. Description of the Related Art 

[0002] As an infrared ray detecting device, a detect- 
ing device of a thermal separation structure is known as 
"Monolithic Silicon Micro-bolometer Arrays 0 in 
"Uncooled Infrared Imaging Arrays and Systems" by R. 
A. Wood, (Semiconductors and Semimetals, Volume 
47, volume editors R W. Kruse and D. D. Skatrud, Aca- 
demic Press, 1997, p103). Figs. 1 and 2 show such a 
thermal separation structure of a picture element of a 
bolometer type uncooied infrared sensor array. As 
shown in Figs. 1 and 2, a readout circuit 102 for bolom- 
eter is formed in a Si substrate 101, and a diaphragm 
1 05 is supported by two beams 1 04 to form an air gap 
103 between a semiconductor 101 and the diaphragm 
1 05. The structure material of the beam 1 04 is a protec- 
tive insulating film 106 of silicon nitride and the thick- 
ness of a wiring line film which is formed of NiCr on the 
beam 104 is 50 nm. The diaphragm 105 as a light 
receiving section is composed of a thin film 1 07 of vana- 
dium oxide with the resistance of 20kH as a bolometer 
material and a protective insulating film 106 of silicon 
nitride with the thickness of 800 nm. A full reflection film 
108 is formed on the surface of the readout circuit 102 
through the protective insulating film. 
[0003] When infrared rays 109 are incident on the 
diaphragm 105 in such a thermal separation structure, 
the infrared rays 109 are absorbed by the silicon nitride 
thin film 1 06. A part of the infrared rays 1 09 passes 
through the diaphragm 105 and then is reflected to the 
direction of the diaphragm 1 05 by the reflection film 1 08. 
Thus, the reflected infrared rays are absorbed once 
again by the silicon nitride thin film 106. In this way, the 
infrared rays are absorbed so that the temperature of 
the diaphragm 105 changes. The resistance of the 
bolometer thin film 107 changes through the change of 
the temperature, and is converted into a voltage change 
by the readout circuit. Thus, an infrared picture is 
obtained. 

[0004] Also, as the infrared ray detecting device, a 
bolometer type noncooled infrared sensor array by H. 
Wada et al., (SPIE Vol.3224, 1997, p40) is known. Figs. 
7 and 8 show a thermal separation structure of a picture 
element of the bolometer type noncooled infrared sen- 
sor array. Fig. 3 is a plan view showing the picture ele- 
ment, and Fig. 4 is a sectional view of the picture 
element along a broken line shown by a point line of A1 - 
A2-A3-A4-A5-A6-A7-A8-A9-A10. A diaphragm 113 is 



supported by two beams 112 to form an air gap 
between the diaphragm 113 and a silicon substrate 111 
with a readout circuit. The structure material of the 
beam 112 is a protective insulating film 114 of silicon 

s nitride, and a wiring line material 1 1 5 of the beam 1 1 2 is 
aTi film having the thickness of 100 nm. The diaphragm 
113 as a light receiving section is formed of a vanadium 
oxide thin film 116 with the sheet resistance of 10 to 30 
kil/sq as bolometer material, an protective insulating 

10 film 117 of silicon nitride with the thickness of 400 nm 
and an infrared absorption film 1 1 8 of TIN thin film with 
the thickness of 15 nm. 

[0005] The wiring line 1 1 5 on the beam 1 12 is con- 
nected with the readout circuit in the silicon substrate 

15 1 1 1 by wiring line plugs 121 through a contact 120 pro- 
vided in a bank section 1 1 9. Also, a reflection film 122 of 
a WSi film with the thickness of 20 nm and a protective 
insulating film 123 are formed on the silicon substrate 
through a thermal oxidation film. 

20 [0006] The distance between the reflection film 122 
and the infrared absorption film 1 1 8 is adjusted to 1/(4n) 
of the wavelength of an infrared ray to be detected (n is 
effective refractive index). The infrared rays are 
absorbed by the infrared absorption film 1 1 8. A part of 

25 the infrared rays passes through the infrared absorption 
film 118, and then are reflected by the reflection film 122 
to the direction of the diaphragm 113. In the diaphragm 
1 13, the infrared rays interfere with each other so that a 
component of the infrared rays with the wavelength to 

30 be detected is absorbed by the infrared absorption film 
118. Thus, change of the temperature of the diaphragm 
is caused. The resistance of the bolometer thin film 116 
changes through the change of the temperature, and 
the change of the resistance is converted into a voltage 

35 change by the readout circuit. In this way, an infrared 
picture is obtained. 

[0007] Also, as the infrared ray detecting device, a 
micro-bolometer array by Cunningham et al., (US Pat- 
ent No. 5,688,699) is known. Fig. 5 shows a thermal 

40 separation structure of a picture element of the micro- 
bolometer array. As shown in Fig. 5, an epitaxial layer 
131 is grown on a silicon substrate 130, and a readout 
circuit for the bolometer is formed in the epitaxial layer 
131. A diaphragm 133 is provided above the epitaxial 

45 layer 131 and is supported by two beams 1 32 and 1 32' 
to form an air gap between the diaphragm 133 and the 
epitaxial layer 131 . 

[0008] The structure material of the beam 132 or 
132' is silicon nitride 134, and a wiring line 135 on the 

so beam 132 or 132 1 is formed of a Cr film with the thick- 
ness of 1 0 nm and a Ni film with the thickness of 20 nm. 
The diaphragm 133 as a light receiving section is 
formed of a vanadium oxide thin film 136 of bolometer 
material with the sheet resistance of 15 to 30 kil Also, 

55 the diaphragm 133 is further composed of a protective 
insulating film 137 of silicon nitride with the thickness of 
1 00 nm and an infrared absorption film of a gold thin film 
having the thickness of 1 0 nm. In Fig. 5, the absorption 
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film is not shown. 

[0009] The diaphragm 133 and wiring line films are 
electrically connected by contact sections 138a and 
138b formed of the bolometer material. Also, the wiring 
line films and the readout circuit in the epitaxial layer are s 
electrically connected by a contact 139. Also, the epi- 
taxial layer 131 is covered by a Si0 2 protective insulat- 
ing film 140 and a reflection film composed of a Ptfitm 
with the thickness of 50 nm and a Cr film with the thick- 
ness of 5 nm. In Fig. 5, a reflection film is not shown. w 
[0010] The distance between the reflection film and 
the infrared absorption film is adjusted to 1/4n of a 
detection wavelength (n: effective refractive index). The 
infrared rays absorbed by the infrared absorption film 
and the infrared rays passing through the infrared 15 
absorption film and then reflected by the reflection film 
to the direction of the diaphragm interfere with each 
other. As a result, the infrared rays with the detection 
wavelength are absorbed by the infrared absorption 
film, so that the temperature of the diaphragm changes. 20 
The resistance of the bolometer thin film changes 
through the change of the temperature, and the change 
of the resistance is converted into a voltage change by 
the readout circuit. In this way, an infrared picture is 
obtained. 25 
[0011] Also, as the infrared ray detecting device, a 
pyroelectric-type array by Hanson et al., (SPIE 
vol.3379, 1 998, p60) is known. Figs. 6 and 7 are a ther- 
mal separation structure of a picture element of the 
pyroelectric type array. As shown in Figs. 6 and 7, a dia- 30 
phragm 152 is supported by two beams 151 to form an 
air gap between the diaphragm 1 52 and a silicon sub- 
strate 150 with a readout circuit. The diaphragm 152 is 
composed of a lower electrode 153 of Pt/Tl, a pyroelec- 
tric thin film 1 54 of ( Pb, La)(Zr,Ti)0 3 with the thickness of 35 
250 to 350 nm on the electrode 153 and an upper elec- 
trode 155 of a Nickel-Chrome thin film. One of the two 
beams 151 is composed of the lower electrode 153 and 
the pyroelectric thin film 154, and the other beam 151 is 
composed of the pyroelectric thin film 1 54 and the upper 40 
electrode 155. The thermal conduction of such a well 
known thermal separation structure of is determined 
based on Ft of the lower electrode. 
[001 2] The upper electrode and the lower electrode 
are connected with the readout circuit in the silicon sub- 45 
strate 150 through contacts 156. The infrared rays are 
incident on the diaphragm 152, and interfere between 
the upper electrode and the lower electrode to cancel 
each other. As a result, the infrared rays with a specific 
wavelength are absorbed by the upper electrode, so so 
that the temperature of the diaphragm changes. The 
surface electric charge quantity of the pyroelectric thin 
film 154 changes in accordance with the change of the 
temperature and the change of the charge quantity is 
converted into a voltage change by the readout circuit 55 
In this way, an infrared picture is obtained. 
[0013] The fact will be considered that the sensitiv- 
ity of the thermal.type infrared sensor of the above con- 
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ventionai examples is proportional to a fill factor. The fill 
factor is the ratio of the diaphragm as a light receiving 
section to a picture element. The wiring lines such as a 
signal line extend on a bank section 1 19 in the conven- 
tional example shown in Figs. 3 and 4. Therefore, the fill 
factor of the diaphragm as the light receiving section 
can not be made large in the conventional example. For 
this reason, it is desirable that these wiring lines are 
arranged under the diaphragm to improve the sensitivity 
of the detector. 

[0014] Also, the factor will be considered that the 
sensitivity of the conventional example of the thermal 
type infrared sensor is inversely proportional to a ther- 
mal conductance to be described later. The wiring line 
material and the structure material of the beam in the 
above four conventional examples are as follows: a NiCr 
film with the thickness of 800 nm and a silicon nitride 
thin film having the thickness of 50 nm in Figs. 1 and 2; 
a Ti film with the thickness of 100 nm and the multiple 
thin film of silicon nitride and silicon oxide the total thick- 
ness of about 600 nm in Figs. 3 and 4; a layer structure 
wiring line of a Cr film with the thickness of 1 0 nm and a 
Ni film with the thickness of 20 nm and the silicon nitride 
film in Fig. 5; and one of the beams composed of the Ti 
and Pt thin film and the ferroelectric thin film of 30 to 60 
nm, and the other beam is composed of NiCr thin film 
and a ferroelectric thin film in Figs. 6 and 7. In case of 
Figs. 6 and 7, the thermal conductance is determined 
depending on the Pt thin film. Therefore, it is desired to 
select an optimal material for the wiring line material to 
improve the sensitivity of the detector. 
[0015] In conjunction with the above description, a 
thermal type infrared ray sensor is disclosed in Japa- 
nese Laid Open Patent Application (JP-A-Heisei 10- 
19671 ). In this reference, the infrared sensor 20 formed 
above a semiconductor substrate 1 is composed of an 
infrared light receiving section 21 and bridge sections 
24. The infrared light receiving section 21 converts inci- 
dent infrared rays into a thermal energy and electrically 
outputs the physical value changing in accordance with 
the converted thermal energy. A wiring line layer 24A is 
provided for the bridge section 24 to electrically connect 
the infrared light receiving section and the semiconduc- 
tor substrate 1 . At least one the above infrared light 
receiving section 21 and the bridge section 24 is sup- 
ported by insulative leg sections 25, 26 and 27. The 
reduction of thermal conductance between the infrared 
light receiving section 21 and/or the bridge section 24 
and the semiconductor substrate 1 is attempted. 
[0016] Also, an infrared solid imaging device is dis- 
closed in Japanese Laid Open Patent Application (JP- 
A-Heisei 10-332480). In this reference, in a 2-dimen- 
sional infrared ray solid imaging device using a thermal 
infrared ray detector, a thermal type light detector sec- 
tion is supported on a semiconductor substrate by sup- 
port legs with large thermal resistance. The 
temperature change of the thermal type detector sec- 
tion on the incidence of infrared rays is detected through 



35 



40 



45 



50 



BNSDOCID: <EP 1072875A1_I_> 



EP 1 072 875 A1 



5 

the wiring lines in the support leg. A plurality of wiring 
lines are arranged in parallel or laminated in at least one 
support leg. 

[001 7] Also, an infrared detector is disclosed in Jap- 
anese Patent No. 2,834,202 corresponding to US Pat- 5 
ent Application No. 231,797 filed on August 12, 1988. In 
this reference, a bolometer array for detecting radiation 
in an infrared spectrum range is composed of a sub- 
strate including an array of bolometer circuit element 
sets in the neighborhood of the surface of the substrate. 10 
An array of resistances is distanced from the surface by 
1/4 of the wavelength in the center of the infrared ray 
radiation spectral range. Each of the resistances and 
leads of the resistances is composed of a stack, which 
includes a first conductive layer, a resistance layer and 15 
a second conductive layer. The second conductive layer 
is the nearest the surface. Each of the resistances is ori- 
ented to receive the radiation, and provided above a 
corresponding one of the bolometer circuit sets to be 
electrically connected with the corresponding bolometer 20 
circuit set The sheet resistances of the first conductive 
layer and the second conductive layer causes at least 
50% of absorption in the said spectral range. Also, the 
bolometer array includes a chopper for chopping the 
radiation to the said resistance. The second conductive 25 
layer has an inactive layer, and the surface is reflective. 
The space between the surface and the inactive layer is 
exhausted. The stack contains a first inactive layer on 
the first conductive layer and a second inactive layer on 
the second conductive layer. The first inactive layer and 30 
the second inactive layer are formed of silicon dioxide. 
The first conductive layer and the second conductive 
layer are formed of titanium nitride. The resistance layer 
is formed of amorphous silicon. 

35 

Summary of the Invention 

[0018] Therefore, an object of the present invention 
is to provide a thermal type infrared ray detector with a 
thermal separation structure, in which a fill factor can be 40 
increased. 

[0019] Another object of the present invention is to 
provide a thermal type infrared ray detector with a ther- 
mal separation structure, in which a wiring line is 
arranged under a diaphragm. 45 
[0020] Still another object of the present invention is 
to provide a thermal type infrared ray detector with a 
thermal separation structure, in which the sensitivity of 
the detector can be improved by selecting an optimal 
materiaL 50 
[0021] In order to achieve an aspect of the present 
invention, a thermal type infrared ray detector with a 
thermal separation structure includes a plurality of pic- 
ture elements, each of which includes a circuit formed in 
a substrate for every picture element, and a light receiv- 55 
ing section converting infrared rays into change of a 
resistance or a charge quantity. The circuit generates a 
voltage signal from the resistance change or the charge 



quantity change. Beams mechanically support the light 
receiving section from the substrate to form a gap 
between the light receiving section and the substrate, 
and electrically connect the light receiving section to the 
circuit. Each of the beams includes a wiring line film 
formed of Ti alloy and connecting the light receiving 
section to the circuit, and a protective insulating film sur- 
rounding the wiring line film. In this case, the Ti alloy 
may be T1AI6V4. 

[0022] Also, the light receiving section may be con- 
nected to the circuit via contact pads. In this case, it is 
desirable that the contact pad for a first of the plurality of 
picture elements and the contact pad of a second of the 
plurality of picture elements which is disposed in a diag- 
onal direction from the first picture element are structur- 
ally unified and electrically insulated. 
[0023] Also, it is desirable that a signal line for trans- 
ferring the voltage signal to the circuit and a ground line 
are formed in the substrate. 

[0024] Also, the thermal type infrared ray detector 
may further include a reflecting film formed on the sub- 
strate to perfectly reflect the infrared ray which has 
passed through the light receiving section, toward the 
light receiving section. 

[0025] Also, the converting film may include a 
bolometer material film. In this case, the light receiving 
section may further include a protective insulating film 
formed to cover the bolometer material film. 
[0026] Instead, the light receiving section may 
include a lower electrode, a ferroelectric material thin 
film formed on the lower electrode, and an upper elec- 
trode formed on the ferroelectric material thin film. In 
this case, the light receiving section may further include 
a protective insulating film formed to cover the upper 
electrode. 

[0027] In order to achieve another aspect of the 
present invention, a thermal type infrared ray detector 
with a thermal separation structure includes a plurality 
of picture elements, each of which includes a circuit 
formed in a substrate for every picture element, and a 
light receiving section converting infrared rays into 
change of a resistance or a charge quantity. The circuit 
generates a voltage signal from the resistance change 
or the charge quantity change. Beams mechanically 
support the light receiving section from the substrate to 
form a gap between the light receiving section and the 
substrate, and electrically connect the light receiving 
section to the circuit. Each of the beams includes a wir- 
ing line film formed of Ti alloy and connecting the light 
receiving section to the circuit, and a protective insulat- 
ing film surrounding the wiring line film. Also, a signal 
line for transferring the voltage signal to the circuit and a 
ground line are formed in the substrate. In this case, it is 
desirable that the Ti alloy is T1AI6V4. 
[0028] Also, the light receiving section may be con- 
nected to the circuit via contact pads. In this case, it is 
desirable that the contact pad for a first of the plurality of 
picture elements and the contact pad of a second of the 
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plurality of picture elements which is disposed in a diag- 
onal direction from the first picture element are structur- 
ally unified and electrically insulated. 
[0029] Also, the thermal type infrared ray detector 
may further include a reflecting film formed on the sub- 5 
strate to perfectly the infrared ray which has passed 
through the light receiving section, toward the light 
receiving section. 

[0030] Also, the converting film may include a 
bolometer material film. In this case, the light receiving 10 
section may further include a protective insulating film 
formed to cover the bolometer material film. 
[0031] Instead, the light receiving section may 
include a lower electrode, a ferroelectric material thin 
film formed on the lower electrode, and an upper elec- 15 
trode formed on the ferroelectric material thin film. In 
this case, the light receiving section may further include 
a protective insulating film formed to cover the upper 
electrode. 

[0032] In order to achieve still another aspect of the 20 
present invention, a thermal type infrared ray detector 
with a thermal separation structure includes a plurality 
of picture elements, each of which includes a circuit 
formed in a substrate for every picture element, and a 
light receiving section converting infrared rays into 25 
change of a resistance or a charge quantity. The circuit 
generates a voltage signal from the resistance change 
or the charge quantity change. Beams mechanically 
support the light receiving section from the substrate to 
form a gap between the light receiving section and the 30 
substrate, and electrically connecting the light receiving 
section to the circuit via contact pads. Each of the 
beams includes a wiring line film formed of Ti alloy and 
connecting the light receiving section to the circuit, and 
a protective insulating film surrounding the wiring line 35 
film. The contact pad for a first of the plurality of picture 
elements and the contact pad of a second of the plural- 
ity of picture elements which is disposed in a diagonal 
direction from the first picture element are structurally 
unified and electrically insulated. In this case, it is desir- 40 
able that the Ti alloy is TiAI6V4. 

[0033] Also, it is desirable that a signal line for trans- 
ferring the voltage signal to the circuit and a ground line 
are formed in the substrate. 

[0034] Also, the thermal type infrared ray detector 45 
may further include a reflecting film formed on the sub- 
strate to perfectly reflect the infrared ray which has 
passed through the light receiving section, toward the 
light receiving section. 

[0035] Also, the converting film may include a so 
bolometer material film. In this case, the light receiving 
section may further include a protective insulating film 
formed to cover the bolometer material film. 
[0036] Instead, the light receiving section may 
include a lower electrode^ a ferroelectric material thin 55 
film formed on the lower electrode, and an upper elec- 
trode formed on the ferroelectric material thin film. In 
this case, the light receiving section may further include 



a protective insulating film formed to cover the upper 
electrode. 

Brief Description of the Drawings 
[0037] 

Fig. 1 is a perspective view of a first conventional 
example of a thermal type infrared ray-type detec- 
tor; 

Fig. 2 is a front cross sectional view of the first con- 
ventional example of a thermal type infrared ray- 
type detector; 

Fig. 3 is a plan view of a second conventional 
example of the thermal type infrared ray-type detec- 
tor; 

Fig. 4 is a cross sectional view of the second con- 
ventional example of the thermal type infrared ray- 
type detector along an A 1 to At 0 line of Fig. 3; 
Fig. 5 is a perspective view of a third conventional 
example of the thermal type infrared ray-type detec- 
tor; 

Fig. 6 is a perspective view of a fourth conventional 
example of the thermal type infrared ray-type detec- 
tor; 

Fig. 7 is a cross sectional view of the fourth conven- 
tional example of the thermal type infrared ray-type 
detector along an A-A line of Fig. 6; 
Fig. 8 is a plan view showing a thermal type infrared 
ray detector with a thermal separation structure 
according to a first embodiment of the present 
invention; 

Fig. 9 is a cross sectional view of the thermal type 
infrared ray detector with the thermal separation 
structure in the first embodiment along a broken 
line X-Y in Fig. 8; 

Fig. 10 is a plan view showing the thermal type 
infrared ray detector with the thermal separation 
structure according to a second embodiment of the 
present invention; 

Fig. 11 is a cross sectional view the thermal type 
infrared ray detector with the thermal separation 
structure in the second embodiment along an A1 - 
A10 line of Fig. 10; 

Fig. 12 is a table indicating thermal conductivity of 
the metal material; 

Fig. 1 3 is a table indicating Gth of the metal material 
and the relative sensitivity; and 
Fig. 14 is a table indicating the containing percent- 
age of various Ti alloys. 

Description of the Preferred Embodiments 

[0038] Hereinafter, a thermal type infrared ray 
detector with a thermal separation structure of the 
present invention will be described below in detail with 
reference to the attached drawings. 
[0039] Fig. 8 shows the thermal type infrared ray 
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detector with the thermal separation structure according 
to the first embodiment of the present invention. Fig. 9 is 
a cross sectional view of the thermal type infrared ray 
detector with the thermal separation structure in the first 
embodiment along a broken line X-Y in Fig. 8. Referring 
to Fig. 8, a bolometer type infrared ray detector array is 
shown as the thermal type infrared ray detector with the 
thermal separation structure in the first embodiment. A 
picture element structure of the bolometer type infrared 
ray detector is composed of a light receiving section 1 0 
in a diaphragm 4. 

[0040] The diaphragm 4 is supported by the two 
beams 3 to form an air gap 2 between the diaphragm 4 
and a silicon substrate 1 with a readout circuit The dia- 
phragm 4 is composed of a silicon nitride SiN protective 
insulating film 5 with the thickness of 300 nm, and a 
bolometer material thin film 6 of VOx with the thickness 
of 1 60 nm formed on the SiN protective insulating film 5. 
A multiple film of a SiN protective insulating film 7 with 
the thickness of 50 nm and a silicon oxide protective 
insulating film 8 with the thickness of 60 nm is formed on 
the bolometer material thin film 6. 
[0041] The wiring line 11 of the beam 3 from the 
light receiving section of a cell C1 and a drain 17 of a 
transistor of the cell C1 are connected to an Al wiring 
line in the silicon substrate 1 through a contact pad D1 , 
13 of an AI/TiN/Ti layer structure and a tungsten plug 
14. The contact pad 13 may have a Ti/Ai/TiN/Tt layer 
structure or a Ti single layer structure. Also, the wiring 
line 1 1 of the beam 3 from the light receiving section of 
the cell C1 is connected to a signal line 18 through a 
contact pad SIG1 13 of an AI/TiN/Ti layer structure and 
a tungsten plug 14a. The contact pad SIG1 13 may 
have the Ti/AI/TiN/Ti layer structure or a Ti single layer 
structure. Of course, the neighbor cell has the same 
structure. 

[0042] A cell C2 is disposed in a diagonal direction 
of a cell C1 and a cell C3 is disposed in a direction 
opposite to the diagonal direction. The contact pad D1 
of the drain of the transistor of the cell C1 and the con- 
tact pad SIG2 of the signal line of the cell C2 are electri- 
cally insulated and are made unitary by the protective 
insulating film of SiN. Also, the contact pad SIG1 of the 
signal line of the cell C1 and the contact pad D3 of the 
drain of the cell C3 are electrically insulated and are 
made unitary by the protective insulating film of SiN. 
Thus, the increase of the fill factor and the improvement 
of the fitting strength between the beam and the silicon 
substrate can be achieved. In this way, by electrically 
insulating by the protective insulating film and mechani- 
cally unifying the contact pads of the cells which are 
adjacent to each other in the diagonal direction, a space 
between the pads can be made as small as possible. 
Also, the further increase of the fill factor and the 
improvement of the fitting strength between the beam 
and the substrate can be attained by unifying the pads. 
[0043] The drain, gate, and source of the transistor 
and the ground line and the signal line extend in the 



substrate 1 directly beneath the light receiving section 
4. This operates to increase the fill factor. The occupa- 
tion percentage of the ground wiring line in the cell is 
beyond 90% to have the endurance to noise. 

s [0044] The wiring line 11 of the Ti alloy such as 
T1AI6V4 with the thickness of 100 nm is surrounded by 
the protective insulating films 5, 7 and 9 of the silicon 
nitride with the total thickness of 600 nm and the other 
protective insulating film 8. The wiring line 1 1 passes 

w through the two beams 3. The bolometer material thin 
film 6 inside the diaphragm 4 is electrically connected 
with the readout circuit in the silicon substrate 1 by the 
above-mentioned contact pad 13 and the wiring line 
plug 14 of tungsten. 

15 [0045] An infrared ray reflection film 1 5 of Ti with the 
thickness of 200 nm is formed on the surface the Si sub- 
strate 1 with the readout circuit. When the infrared rays 
are incident on the diaphragm 4, a part of the incident 
infrared rays is absorbed by the silicon nitride thin films 

20 5, 7 and 9. The remaining part of the infrared rays 
passes through the silicon nitride thin films, is reflected 
by the infrared ray reflection film 15 in the direction 
toward the diaphragm 4, and is absorbed by the silicon 
nitride thin films 5, 7 and 9. The distance between the 

25 infrared ray reflection film 15 and the silicon nitride thin 
film 5 is set to be about 1.5 um This space 2 is filled 
with polyimide at first but is removed by oxygen plasma 
in an ashing process. 

[0046] The size of the picture element of this 
30 embodiment is the square of 37 nm. The length and 
width of each of the silicon nitride protective insulating 
films 5, 7 and 9 of the beam 3 are 29 jxm and 1 .8 u/n, 
respectively, and the total thickness is 0.6 nm. The 
length, width, and thickness of the wiring line 1 1 of 
35 TiAI6V4 alloy are 29 nm, 1 |im, 0.1 ujn, respectively. In 
this case, the thermal conductance of the thermal sepa- 
ration structure of Fig. 8 and 9 is 0. 1 U.W/K (see the table 
2), and is the same as the best value of 81% of 0.126 in 
case of NiCr in the conventional example. The respon- 
se sivity or sensitivity is improved 1 .24 times. Also, the high 
fill factor of 71% is realized through the structural unifi- 
cation of the contact pads 13 and the connection of the 
light receiving section 4 and the cell 16 of the readout 
circuit through the wiring line plugs 14 and 14a. 
45 [0047] In the table 2 are shown the thermal con- 
ductance and the relative sensitivity when Ti alloy other 
than TiAI6V4 is used as the wiring line material. It could 
be understood from the table 2 that the better sensitivity 
can be obtained when these Ti alloys are used, corn- 
so pared with the conventional example when NiCr was 
used. 

[0048] In this embodiment, the bolometer material 
thin film of VOx is used. However, another material can 
be used which has an effective resistance temperature 
55 coefficient. In the same way, TiAI6V4 is used as the Ti 
alloy for the wiring line material of the beam in the 
embodiment. However, when the other Ti alloy of the 
table 3 of Fig. 14 is used, responsivity is higher than the 
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best sensitivity obtained in the conventional example 
when NiCr was used. 

[0049] In the present invention, the electrodes of 
the light receiving section are electrically connected 
with the drain or collector of the transistor of the cell 1 6 
of the readout circuit and a signal line 18 through the 
connection thin film, i.e., a wiring line material thin film 
1 1 , a contact pad 13, and a wiring line plug 14a of tung- 
sten. 

[0050] A gate or base 1 9 of the transistor of the cell 
16 is a polysiiicon wiring line in which phosphorus ions 
are diffused, and connected with a shift register or a 
decoder of the readout circuit. A source or emitter 20 is 
connected with the ground wiring line GND which occu- 
pies most of the cell. It should be noted that the arrange- 
ment of 3x3 should be originally drawn in Fig. 8 but only 
the cells disposed in a diagonal relation are shown for 
easy viewing of the drawing. 

[0051] By arranging the wiring line directly below 
the light receiving section in this way, the fill factor can 
be more increased than the conventional example. 
[0052] In this way, the contact pads of the cells pro- 
vided diagonally and adjacently are electrically insu- 
lated and are mechanically made unitary. Therefore, a 
gap between the pads is made as small as possible, so 
that the fill factor is increased. Also, the unification of the 
pads allows the fitting strength between the beam and 
the substrate to be increased. 

[0053] By adopting the above mentioned structure, 
the detector sensitivity improvement through the 
increase of the fill factor, and the thermal separation 
structure, especially, the improvement of the fitting 
strength between the beam and the Si substrate can be 
achieved. 

[0054] In the above description, the conventional 
wiring line material and structure material and the ther- 
mal conductivity of the wiring line material used in the 
present invention are shown in the table 1 of Fig. 12. 
The calculating values of thermal conductance to the 
beam with a specific thermal separation structure, i.e., a 
specific size and the relative sensitivity of the infrared 
sensor are shown in the table 2 of Fig. 13. It could be 
.understood from the tables that the wiring line material 
used in the conventional examples is not optimal. On 
the other hand, it could be understood that Tt alloy is 
more excellent than any material used in the conven- 
tional examples. Especially, TiAI6V4 is excellent in the 
maximum. 

[0055] Figs. 1 0 and 1 1 show the thermal type infra- 
red ray detector with thermal separation structure 
according to the second embodiment of the present 
invention. In the picture element structure of the ferroe- 
lectric type infrared ray detector, a diaphragm 4 is sup- 
ported by two beams 3 to form an air gap 2 between the 
diaphragm 4 and the surface of a silicon substrate 1 with 
a readout circuit, as shown in Figs. 10 and 1 1 . The dia- 
phragm 4 is composed of a lower electrode 21 as a mul- 
tiple film composed of a Pt film with the thickness of 300 



12 

nm and a Ti alloy film of, for example, TiAI6V4 with the 
thickness of 100 nm. A ferroelectric film 22 of 
(Pb,La)(Zr,Ti)0 3 is formed on the lower electrode 21, 
and the upper electrode 23 of Ti alloy such as a TiAI6V4 
5 thin film with the thickness of 1 00 nm formed on the fer- 
roelectric film 22. 

[0056] The two beams 3 and the diaphragm 4 are 
surrounded by protective insulating films 5, 8 and 9, 
which are formed of silicon nitride to have the total thick- 

w ness of 600 nm. A wiring line 12 of Ti alloy such as a 
TiAI6V4 film with the thickness of 100 nm passes 
through the beam 3. The upper electrode 23 and the 
lower electrode 21 in the diaphragm 4 are connected 
with the readout circuit in the silicon substrate 1 by con- 

15 tacts 26 of a bank section 25 and wiring line plugs 27. 
[0057] The thickness of the TiAI6V4 alloy film of the 
upper electrode 23 is adjusted to 5 nm which matches 
to a vacuum impedance of the sheet resistance of 377 
fl Thus, the infrared rays incident on the diaphragm 4 

20 can be effectively absorbed through the interference of 
the infrared rays between the upper electrode 23 and 
the lower electrode 21 . On the other hand, the refractive 
index of (Pb,La)(Zr,Ti)0 3 to the infrared rays is about 2.4 
(Hanson et aL (SPIE vol.3379, 1998, p60)). Therefore, 

25 the thickness of the ferroelectric thin film between the 
upper electrode 23 and the lower electrode 21 is set to 
1 ujti (= A7(4n) (k is a wavelength and 10 u,m in this 
example, and n is the refractive index of the ferroelectric 
material). 

30 [0058] The size of the picture element in the second 
embodiment is a 37-um square. The length, width, and 
thickness of each of the silicon nitride protective insulat- 
ing films 5 and 9 are 29 nm, 1.8 pm, and 0.3 jim, 
respectively. The silicon nitride protective insulating 

35 films 5 and 9 also are the components of the beams 3. 
The length, width, and thickness of the wiring line 12 of 
TiAI6V4 alloy are 29 \im, 1 u.m, and 0.1 um, respec- 
tively. In this case, the thermal conductance of the ther- 
mal separation structure of Figs. 10 and 11 is 0.1 uW/K 

40 (see the table 2). Also, this value is 81% of the best 
value in case of NiCr in the conventional example. Thus, 
the responsivity or the sensitivity is improved 1.24 
times. Also, like the above-mentioned embodiment, the 
high fill factor of 71% is realized. 

45 [0059] The thermal conductance and the relative 
sensitivity when Ti alloy other than TiAI6V4 is used as 
the wiring line material are shown in the table 2. It coutd 
be seen from the table 2 that the sensitivity better than 
the best result in case of NiCr in the conventional exam- 

50 pie is obtained when these Ti alloys are used. 

[0060] In the second embodiment, the ferroelectric 
thin film of (Pb,La)(Zr,Ti)0 3 is used. However, any mate- 
rial having the same effective pyroelectric coefficient 
can be used. Similarly, as the wiring line material of the 

55 beam 3, the responsivity higher than the best responsiv- 
ity in case of NiCr in the conventional example can be 
obtained by using the other Ti alloy listed up in a table 3 
in place of TiAI6V4. 
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[0061] The infrared rays are incident on the dia- 
phragm (the light receiving section) 4 and are absorbed 
by the protective insulating film (see Figs. 8 and 9). In 
addition, the infrared rays reflected to the direction of 
the diaphragm 4 by the reflection film 15 are absorbed 5 
by the protective insulating film to change the tempera- 
ture of the diaphragm. The resistance of the bolometer 
thin film changes through this change, and the change 
of the resistance is converted into the voltage change by 
the readout circuit. Thus, an infrared picture is obtained. io 
In this way, the radiation quantity of the infrared rays can 
be converted into the electric signal. 
[0062] When Rv(bol) is a direct voltage responsiv- 
ity, a is a resistance temperature coefficient of the 
bolometer material, t) is an infrared absorptivity, V B is a 15 
bias voltage, Gth is a thermal conductance of the ther- 
mal separation structure, f is a chopping frequency, and 
xj is a thermal time constant, the responsivity R v (bol) of 
the thermal type infrared sensor using a bolometer 
material thin film is shown in the following equation. 20 

R v (bol) = R VQ (boi)-— 1 [V/W] 

25 

CtT| V R 

R vo (bol) = —-* 
^ th 

[0063] In this way, the responsivity of the bolometer 30 
type infrared sensor is in inverse proportion to the ther- 
mal conductance. Therefore, the responsivity of the 
thermal type infrared sensor can be improved through 
the reduction of the thermal conductance. 
[0064] In case of the ferroelectric type infrared sen- 35 
sor array (see Fig. 1 1), a part with a specific wavelength 
of the infrared rays incident on the diaphragm 4, infrared 
rays is absorbed through the interference to each other 
between the upper electrode 23 and the lower electrode 
21. As a result, the temperature of the diaphragm 40 
changes. The surface electric charge quantity of the fer- 
roelectric thin film changes in accordance with the tem- 
perature change and the change of the charge quantity 
is converted into a voltage change by the readout cir- 
cuit. The radiation quantity of the infrared rays can be 45 
converted into the electric signal in this way. 
[0065] When the effective pyroelectric coefficient is 
y, the thickness of the ferroelectric thin film is d, the die- 
lectric constant of the thin film is e, the infrared absorp- 
tivity is ti, and the thermal conductance of the thermal 50 
separation structure is Gth, the direct voltage responsiv- 
ity RVO(ferro) of the pyroelectric type infrared sensor 
using a ferroelectric thin film is expressed by the follow- 
ing equation. 

55 

R vo (ferro) = £& [V/W] 
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[0066] The responsivity of the pyroelectric type 
infrared sensor is also in inverse proportion to the ther- 
mal conductance in this way. Therefore, responsivity of 
the pyroelectric type infrared sensorcan be improved by 
the reduction of the thermal conductance. 
[0067] In the thermal type infrared ray detector with 
the thermal separation structure of the present inven- 
tion, Ti alloy with a smaller thermal conductivity than the 
conventional example is used as the wiring line material 
on the beam, the thermal conductance of the beam is 
reduced. Thus, the sensitivity of the thermal type infra- 
red detector can be improved. 

[0068] In the thermal type infrared ray detector with 
the thermal separation structure of the present inven- 
tion, the contact pad of a picture element and the con- 
tact pad of another picture element diagonal to the 
picture element are made unitary in the structure and 
electrically insulated. Therefore, the fill factor is 
increased to improve the sensitivity of the detector, and 
to enhance the bonding strength between the beam and 
the substrate. Also, by using Ti alloy with a smaller ther- 
mal conductivity than the conventional example as the 
wiring line material on the beam, the thermal conduct- 
ance of the beam can be reduced so that the sensitivity 
of the detector can be improved. 

Claims 

1 . A thermal type infrared ray detector with a thermal 
separation structure comprising a plurality of pic- 
ture elements, each of which comprises: 

a circuit formed in a substrate for every picture 
element; 

a light receiving section converting infrared 
rays into change of a resistance or a charge 
quantity, and said circuit generates a voltage 
signal from said resistance change or said 
charge quantity change; and 
beams mechanically supporting said light 
receiving section from said substrate to form a 
gap between said light receiving section and 
said substrate, and electrically connecting said 
light receiving section to said circuit, 
wherein each of said beams includes: 
a wiring line film formed of Ti alloy and connect- 
ing said light receiving section to said circuit; 
and 

a protective insulating film surrounding said 
wiring line film. 

2. The thermal type infrared ray detector according to 
claim 1 , wherein said Ti alloy is TiAI6V4. 

3. The thermal type infrared ray detector according to 
claim 1 or 2, Wherein said light receiving section is 
connected to said circuit via contact pads, 
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said contact pad for a first one of said plurality 
of picture elements and said contact pad for a 
second one of said plurality of picture elements 
which is disposed in a diagonal direction from 
said first picture element are structurally unified 5 
and electrically insulated. 

4. The thermal type infrared ray detector according to 
any of claims 1 to 3, wherein a signal line for trans- 
ferring said voltage signal to said circuit and a 10 
ground line are formed in said substrate. 

5. The thermal type infrared ray detector according to 
any of claims 1 to 4, further comprising: 

15 

a reflecting film formed on said substrate to 
perfectly reflect said infrared ray which has 
passed through said light receiving section, 
toward said light receiving section. 

20 

6. The thermal type infrared ray detector according to 
any of claims 1 to 5, wherein said light receiving 
section includes a converting film of a bolometer 
material film. 

25 

7. The thermal type infrared ray detector according to 
claim 6, wherein said light receiving section further 
includes a protective insulating film formed to cover 
said bolometer material film. 

30 

8. The thermal type infrared ray detector according to 
any of claims 1 to 5, wherein said light receiving 
section comprises: 

a lower electrode; 35 
a ferroelectric material thin film formed on said 
lower electrode; and 

an upper electrode formed on said ferroelectric 
material thin film. 

40 

9. The thermal type infrared ray detector according to 
claim 8, wherein said light receiving section further 
includes a protective insulating film formed to cover 
said upper electrode. 

45 
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